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ABSTRACT 

Ss were observed i n  their hone cages and t h e i r  
behavior recorJcd by mcms of a behavior-sampling 
technlquc t o  deterrmtne how the p a t t e r n  of be- 
havior changes as a f U n C t i O i 1  of deprivation ex- 
perience * gs were deprived e i t h e r  continuously, 
i.e,, deprived throughout the 9 days of obser- 
vationg or cycl ical ly ,  i - e . ,  maintained on a 
daily schedule for 15 days, Relat ive t o  s a t i a t e d  
controlG both hungry groups showed a marked in -  
crease i n  activity and d i s m p t l o n  of the normal 
diurnal cyc l i c i ty ,  Relat ive t o  satiated controls ,  
t h i r s t y  Ss showed l i t t l e  change, There was l i t t l e  
d i f  f erenTe between cycl ic  and continuously depriv- 
ed .- Ss, 

The recent  work o f  Hill (1958)s Strong (1957 
l e r  and H a l l  (1962), Weasiierl Finger, and Reid 1 1960), 
and others  ind ica tes  tha t  the e f f e c t  of deprivation 
upon "general. activity" depends upon what kind of ap- 
paratus i s  used to  measure it .  Deprivation appears 
t o  a f f e c t  Boine s o r t s  of behavior, such as rv.nning i n  
a wheel, much more dramaticallg than it a f f e c t s  o ther  
sorts of behavior, l i k e  that which is  counted i n  tilt 
cages, The implication i s  that  the e f f e c t  of depriva- 
t i on  on a c t i v i t y  depends upon the Wnd of activity that 
can occur in the particular kind of apparatus that is  
used. But I n  the absence of clLrec$ observation of what 
animals a r e  dofng when they are being "general ly  act ive" ,  
the explanation of the discrepant f indings of a c t i v i t y  
as a function of  deprivation remains a t  the inferential 
l e v e l  

- 
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Bol les  

I n  tho pixsen6 Investigation animals were watched 
and their  behavior was recorded in order  t o  determine 
what, i n  f a c t ,  they do and t o  m e  how their  behavior 
changes as a function of deprivation conditions.  The 
method of observation 'was one in which S ' s  behavior Fa 
sampled aeiaoss twe, and ii? which beliavror 13 observed 
w h i l e  S is i n  the most faneliar of environments, viz., 
its  o e  home cage, The question then becomes how deprl- 
vation conditions affect how Ss spend their  t ime. The 
results of an ear l ier  s tudy  uFi.ng t h i s  technique (Bolles, 
1963) stqeeatcd that the ra.L;ls behavior in the honecage 
g,fVi?s l i t t l e  C-Jlcleilcs of a dlrcct  ac t iva t ing  effect of 
hunger deprivation, ~ ~ i ? ' 3  that what chmges i n  the pat- 

found, can be attributed t o  
sent study expands the frame of 
I a< wm lxlmgw? &nd th3Pef are 

nuous depriV8- 
e schedules 
dltions m e  

Method 

Subj ec t s 

m e  Ss were 32 naive male Sprag.p+-DawZey rats, about 
30 dags-old. 

The Ss were Endividually housed i n  regular 7 a. by 
7' i n ,  by 10 in .  cages (Wahmann W-75A)t except that the 
hardware cloth f r o n t s  of the cages were replaced by 
Plcxiglas t o  provide better v % s i b i l i t y .  Gages were 
mounted i n  four  columns of Sour rows in a regular cage 
rack. The ca(2;ca were locaked i i l  LZ spec-kally COi1G%L3UCt- 
ed i so la t ion  room which had double walls of plywood and 
acous'cfc t i l e  and was heavily carpeted to provide good 
sound a i d  vibraZon isolation from the environment. 
The isolation room provided 60 db attenuation o r  better 
of a11 sounds above about 200 qis. A white noise  gen- 
erator  1.~2clich pro.;lt?cccl a Coi1f:tzm-L iioiue level of about 
65 db throughouk the experimen-6 provlded further mask- 
ing of external noise. Observatlons vere made from a 
darkened antechamber t o t h e  Isolation roon through a 
one-way window. The limts were Mxn on a 6:OO to 6:OO 
natura l  light d a r k  cycle. 
by two 60-w. bri?-bs mid durlng the dark park of the 
cycle  by a bank of four  25-v~~ -ed lights located in 
f r o n t  of the cages. T'nus, E was &Le t o  observe Ss with- 
out; d l s -bu rbhg  their na"i;urp-T, d iu rna l  illramfnatioii cycle. 
Temgerature vmled  UJCT a 10" rmge3 diie mostly to Lhe 
heat from the lights Gurbaz the day, This extensive 
is;olrz.i;rlon of Ss ~ P O ' K  E, sl+. Prom each other, vas dictated 

IlLumination was provided 

- 
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by the r e s u l t s  of the e a r l i e r  study where i t  was found 
that deprived cliiimalo tverc exceedingly sens l t i ve  t o  
any external  st imulation. The a i m  of the present  ex- 
periment was t o  study the e f f e c t  of deprivat ion upon 
Sa that were as free as possible  from any s t imul i  that 
m i g h t  possibly serve as cues t o  feeding. - 
Procedure 

The observation pi-ocedure has been described else- 
where (Bolles, 196O~y63). Brief ly ,  i t  cons is t s  of 
E scanning the ar ray  of cages, going from one t o  the 
next i n  order,  w r i t i n g  down what each S i s  doing. Th i s  
process takes about one min. with 16 csges. I n  the 
present  study th i s  scanning process was repeated 24 
times during each observation session. Thus, each ses- 
s ion provided a sampling of 24 observations of each S 1 s  
behavior during a period of approximately twenty o r  
t h i r t y  miiiutes. 
day, s t a r t i n g  regularly every 90 mine A l l  observations 
of S ' s  behavior we 
catzgorleo: Slee 

and is  usual ly  i n  a typ ica l  motionleao, has closed 
sleepirg poohre ;  L y i c s p  which means that S i s  ly ing  
down mid inac t ive  but  not sleeping; Lying and Sniff ing,  
exploratory behavior while i n  the ly ing  posi t ion;  Stand- 
ing, \!fhick news that the anlmal i s  motfonless but on 
Riilr fcct; Standing and Sniff ing,  which is the most com- 
mon exploratory behavior; Activfty,  which includes R e a r -  
ing on $he hind legs, Walking, Climbing, and Cwwlng on 
the cage, a l l  of which were s c o r ~ s e p a r a t e l g .  T h i s  
l i s t  of categories  defines a continuum from minimal 
a c t i v i t y  at  one end to the gross bodily a c t i v i t i e s  a t  
the other. This l tst  of categories  plus  the funct ional  
a c t i v i t i e o ,  Ea t ing ,  Drinking, and Grooming (face wash- 
iag, scratching, and f'ur l i ck ing  w e r n c o r e d  separately 
but  are reported here as a combined grooming score)  in -  
cluded 

- 

- 
Sixteen of  these sessions were run a 

c l a s s i f i e d  i n t o  the following 
ng, recognized by the ract that S is - 8 

- 

but  about 0.58 of the observations. 

With this  many response categories  i t  is d i f f i c u l t  t o  
discr iminate  sharply between adjacent categories .  
though i t  has been found possible  to t r a i n  observers $0 
show extremely good inter-observer r e l i a b i l i t y ,  such 
t r a in ing  was minimized i n  the present  sbudy. The ob- 
servers  were required t o  rely primari ly  upon the above 
verbal descr ipt ions s ince a t  t h i s  s tage In the  develop- 
ment of t h i s  procedure genera l i ty  and reproducib i l i ty  
of  f indings would seem to  be more important than the re- 
duction of v a r i a b i l i t y  within m experiment. 
d i f f i c u l t y  was encountered i n  d i sc r imina t iw  between 
sleeping and lying. Observer differences were not suf- 
f l c i e n t l y  ser ious t o  affest mater ia l ly  the t o t a l  activ- 

A l -  
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l t y  scores,  however, and the discrepancies that  were 
found were balanced out by counterbalancing observers 
across time of day over every two-day period. 

."$ 
\ 

' 

Deprivation conditions 

apart. 
were continuous, i . e , , a f t e r  deprivat ion was imposed 
i t  was continued t o  the end of the experiment. S s  
were acclimated t o  the new environment and the  lTght- 
dark cycle for about a week p r i o r  t o  the beginning of 
the observations. One hour prior t o  the f irst  ob- 
servat lon session ( a t  noon) s i x  S s  were deprived of 
water, six Ss were deprived of fzocl, and four  - Ss were 
allowed to  xontinue on ad l i b ,  food and water. Dur- 
i ng  the deprivat ion days the i s o l a t i o n  room was enter-  
ed only once t o  replenish the food and water suppl ies  
of the ad l i b .  Ss. By the end of the n in th  day one 
hungry S had dizd, another was about to  do so, and the 
observaTions wers terminated a t  that point .  After nine 
days degrlvat ion both the hungry and the t h i r s t y  Ss 
were approximately 509 of the weight of the ad. 1Tb. 
controls. 

Two sets of 16 Ss each were observed about a month 
I n  the firzt set the deprivat ion conditions 

The second set  of Ss was run on cyc l ic  deprivat ion 
conditions,  Again, sxx S3 w w e  hungry, six were th i r s -  
ty, and four  were ad lib: coiitrols. As before, a l l  2s 
were maintained ad l i b .  for one week p r i o r  t o  the be- 
ginning of the deprivation period, Deprivation was in-  
i t i a t e d  one day at noon j u s t  before the f i rs t  regular ly  
scheduled observation which was a t  lrOO P.M. Stlbse- 
quentlg t h i r s t y  Ss were given water for 30 mfn. each 
day a t  noon and Eungry 2 s  were givrzn 10 tc 1 2  gm, of 
Wayne Lab Blox each day a t  noon. These ra t ions  were 
usua l ly  f inished by the time of the 1:OO observation 
sessiono The cyc l ic  deprivat ion conditions were main- 
ta ined f o r  15 dayo and observat ions were made every 
o ther  day s t w t i n g  w i t h  the f'Prsc, On this regimen 
hungry Ss l o s t  between 35% and 25% of t h e i r  i n i t i a l -body  
weight Ei~l t h i r s t y  26 l o s t  approximately 5%. 

Results and Discussion 

The overa2.l mean incidence of d i f f e r e n t  fomns of  be- 
havior under the diff e1-en.l; deprivat ion conditions, 
averaged over clays and over times of day are summarized 
i n  Table 1. 
hungry and t h i r s t y  Ss under continuoua deprivat ion and 
f o r  hungry and t h i r z t y  Ss under the cyc l ic  deprivat ion 
conditions 
these data is  the relative consistency of the pa t t e rn  
o f  behavior over  the d.Pff e ren t  deprivation conditions.  

Resul ts  art? presented independently for 

Perhaps thF most predominant f ea tu re  of 
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Thus, regardless  of the deprivat ion conditions - Ss 
s leep from one-half to  two-thirds of the time, and spend 
o ther  large port ions of time ly ing  passively,  grooming 
and sn i f f ing  the environment, But w i t h i n , t h i s  consis- 
t e n t  ove ra l l  pa t t e rn  there  are also diffepences i n  pat- 
te rn  which are a t t r i bu tab le  t o  the deprivat ion conditions. 
Thus, hungry Ss are more ac t ive  than either t h i r s t y  o r  
satiated S s ,  %d th i s  i s  the caae no matter how the 
continum-between sleeping and the moat ac t ive  categories  
of behavior i s  s p l i t .  I n  Table 1, the continuum has 
been a r b i t r a r i l y  s p l i t  t o  d i s t inguish  those behaviors 
which are unl ikely t o  be registered as responses by au- 
tomatic recording devices as against  those more ac t ive  
behaviors which would be detected. But whether the s p l i t  
i s  made at  th i s  point  o r  a t  some o ther  point  on the con- 
tinuum of a c t i v i t y ,  hungry Ss are more ac t ive  than thove 
under o ther  conditions,  botE i n  the case of continuous 
deprivat ion and cyc l ic  deprivation. The comparison be- 
tween t h i r s t y  and satiated Ss is  less Impressive; in-  
deed, if allowance i s  made Tor the reduction i n  consum- 
matory behavior and i n  grooming (presumably due to  the 
aversiveness of grooming with a dry mouth) there  is 
l i t t l e  difference in a c t i v i t y  between t h i r s t y  and s a t i a t e d  
Ss. There is ce r t a in ly  l i t t l e  difference at either the 
s o s t  ac t ive  o r  the most inact ive ends of the continuum, 
but  there i s  sone Indicat ion that t h i r s t y  Sa score higher 
a t  the middle of the continuum, e.g., on B&nding and 
snif fing . 

A breakdown of these data by days ind ica tes  t h a t  there 
are trends over d a y s ,  and that near ly  a l l  of the t rends 
are consis tent  and monotonic. Thus, where there are 
differences between conditions these differences increase 
over days. The only nomonotonic trends were f o r  ly ing  
and s n i f f i n g  f o r  the continuous hungry Ss and standing 
for the cyc l ic  hungry Ss where i n  both Zases there was a 
rise in the  first few zays and then a subsequent fall. i n  
the incidence of the behavior. Because most of the t rends 
are monotonic, the r e s u l t s  shown i n  Table 1 are  reasonably 
representat ive of the pa t te rn  of behavior occurr ing under 
each of  the deprivat ion conditions on any given day i n  
the deprivat ion period. Pig. 1 shows a trend typical of 
those found; i t  presents  the total of a l l  but  the two 
most inac t ive  forms of behavior, sleeping and lying.  These 
'I t o t a l  ao t iv i ty"  score& r i s e  s ign i f i can t ly  f o r  hungry groups 
and decl ine s ign i f i can t ly  f o r  the t h i r s t y  continuous group, 
while both satiated groups show a r e l a t i v e l y  constant l e v e l  
of a c t i v i t y  over the course o f  $he observations. 

There was remarkably l i t t l e  v a r i a b i l i t y  within groups, 



so that, f o r  example, the subtotals i n  Table 1 label- 
l e d  Total  Inac t ive  for the continuous groups are high- 
l y  s ign i f i can t ly  d i f f e ren t  (g<.OOl) even w i t h  these 
small-sized groups. However, there was some individualism 
i n  behavior. For example, the high incidence of miscel- 
laneous behavior among the cyc l ic  t h i r s t y  Ss  i s  a t t r i -  
butable to  two 2 s  i n  that  group that spent-a grea t  deal 
of tlme apparently l ick ing  the metal parts of the cage. 
Most t h i r s t y  Ss showed l i t t l e  o r  none of th i s  behavior 
bu t  those who-did show i t  typica l ly  continued f o r  periods 
of 10 o r  20 min. engaged i n  some s o r t  of o r a l  contact  
with the metal, 

The data were also analyzed as a funct ion of the time 
of day, pooling days, and there were some c l ea r  d i f -  
ferences as a funct ion of deprivat ion conditions i n  the 
organizat ion of behavior across  the 24 hr. period. The 
d iurna l  c y c l i c i t y  o f  a c t i v i t y  (countin as a c t i v i t y  all 
behavior other than s leeping and ly ing  'f is  shown i n  Figs.  
2 and 3. The Figs ,  indicate  again the differences i n  
ove ra l l  a c t i v i t y  among hungry, t h i r s t y  and satiated Ss, 
and indicate ,  i n  addition, that  t h i r s t y  Ss differ fr ' i jm 
satiated control  Ss primari ly  during the-night, whereas 
hungry 2 s  are morx act ive both day and night.  Figs.  2 
and 3 show that t h i r s t y  Ss and satiated Ss have very 
similar diurnal  activity-cycles, but  thax the organi- 
za t ion  of hungry Ssl behavior across t i m e  has broken 
down, The hungry-& are near ly  as ac t ive  during the l ight  
p a r t  of the cycle as during the dark part and although 
their  c y c l i c i t y  r e t a i n s  a c l e a r  24-hr, period it  i s  severe- 
l y  damped and shallow. It is i n t e r e s t i n g  t o  note that d l  - Sa, even the hungry ones, show a sharp drop i n  a c t i v i t y  
and a corresponding r i s e  i n  sleeping, during the first ob- 
servat ion a f t e r  the lights have come on i n  the morning but  
that whereas other  groups rema.in asleep during the day, 
hungry ones come back t o  a high l e v e l  of ac t iv i ty .  This 
rebound e f f e c t  m l g h t  be expected of the hungry Sa fed 
cyc l i ca l ly  but  there is  l i t t l e  ind ica t ion  from Fig. 3 of 
an an t ic ipa t ion  of feeding, i.e., a sharp noise  j u s t  be- 
fo re  feeding. I n  f a c t ,  the cyc l ic  hungry Ss are only a 
l i t t l e  more ac t ive  than the continuous hunzry gs  during 
the ll:3O A.M. observation. E t  i s  a l so  c l e a r  that th i r s -  
t y  Ss show no an t ic ipa t ion  of drinking under these con- 
d i t rons  . 

The c y c l i c i t y  shown in Pigs. 2 and 3 for a l l  behavior 
o ther  than s leeping and lying i l l u s t r a t e s  the baaic  
diurnal  cycle cha rac t e r i s t i c  of a l l  the forms of be- 
havior. Thus, all those behaviors which a re  not sleep- 
ing o r  ly ing  occur i n  approximate1.y equal proportions 
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throughout the 24-hr. period, so tha t  the c y c l i c i t y  
of the i r  sum, shown i n  Figs. 2 and 3,  is  reasonably 
representat ive of the c y c l i c i t y  of most of the const i -  
tuent  behaviors. Table 2 summarizes the c y c l i c i t y  of 
several  d i f f e ren t  forms o f  behavior under the d i f f e r e n t  
deprivat ion conditions . The night-day r a t i o  is simply 
the r a t i o  of the mean incidence of behavior during the 
eight  nighttime observations divided by the mean inc i -  
dence during the eight daytime observations,  summed 
across Ss within a group and across days. The ove ra l l  
pattern-in Table 2 is one of f a i r l y  consis tent  r a t i o s  
within each condition demonstrating the point  made a- 
bove, that  is ,  the tendency of the cycles t o  go to- 
gether . 

There are a lso  consis tent  differences among groups. 
Hungry Ss show cycles which are considerably shallower 
than thFse of t h i r s t y  Ss which are, i n  turn,  s l i g h t l y  
shallower than those 07 the satiated control  Ss. 
i s  a l so  a slight but  apparently consis tent  dif;ference 
between continuous and cycl ic  deprivat ion conditions,  
the former showing somewhat less pronounced cyc l ic i ty .  
Both satiated groups show reasonable agreement with the 
rule of thumb r a t i o  of 3.00 approximated i n  a va r i e ty  
of o ther  s i t ua t ions  . Consummatory behavior i s  the 
only category whose cyc l i c i ty  departs  markedly from 
the overa l l  pat tern.  The thirsty Ss eat a large p a r t  
of the small amount of food tha t  tEey do e a t  i n  the 
hours Immediately prior t o  the lights going o f f .  On 
the other  hand, hungry Ss, p a r t i c u l a r l y  those under 
the continuoas deprivatTon, confine the small amount 
of dr inking that they do disproport ionately t o  the dark 
hours. The depression i n  c y c l i c i t y  of the t h i r s t y  Ss 
is  like that observed by Gilber t  and James (1956), Fut  
these experimentors also found a f u r t h e r  reduction i n  
c y c l i c i t y  under continuous environmental conditions 
(constant l i g h t )  whereas the present  data ind ica te  
that the night-day r a t l o  of ea t ing  i n  t h i r s t y  Ss was 
higher i n  Lhe more nearly uniform environmentax con- 
d i t ions ,  i .e . ,  the  continuous deprivat ion group. 

These r e s u l t s  suggest some conclusions but also pre- 
sen t  a number of puzzling questions: 1) Hungry ss i n  
t h e i r  homecages show an increase i n  a c t i v i t y  w i n  depri-  
vat ion regardless of how a c t i v i t y  i s  dis t inguished from 
i n a c t i v i t y ,  
regular ly  once a day so that there  m a y  Ee some condition- 
ing  of spec i f i c  forms of a c t i v i t y  t o  spec i f i c  diurnal  cues, 
as B o l l e s  (1963) has emphasized, but  i t  i s  true a l so  f o r  - Ss under continuous deprivation, i.e., those who a r e  
never fed during the observation period. 2) Thi rs ty  gs3 
both those deprived continuously and those deprived 
cyc l ica l ly ,  show slight increases i n  a number of d l f f e r e n t  

There 

Th i s  is true not only for Ss who a r e  fed  
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foms of a c t i v i t y  b u t  show compensatory decreases i n  
grooming and consummatory behavior so that t h e i r  t o t a l  
a c t i v i t y  may be very l i t t l e  d i f f e r e n t  from that of 
sauated Ss, whfch is a f inding Campbell (1960) and 
Campbell c d  Cicala  1962) have reported i n  a d i f -  
f e r en t  s l tua t ion .  3 E Why was there no conditioned an-, 
t i c i p a t i o n  of regular  feed-ing i n  the cyc l ic  hungry Ss 
l i k e  that re or ted under very similar conditions by- 
Bol les  (19637, and w h y  was there  no conditioning of 
spec i f i c  forms of behavior, such as standing, during 
the night,  as reported i n  the e a r l i e r  study? The pr in-  
c ipa l  difference between experimental procedures was 
that the present  Ss were fed i n  the middle of the day 
whereas the easlizr ones had been fed one-third of the  
way through the  night,  a t  a time when consummatory be- 
havior normally is a t  a peak. 
conditioned ant ic ipat ion of dr inking  i n  the cyc l ic  
t h i r s t y  Ss': 
c ~ p b ~ 1 1 - ( 1 9 6 0 ) .  5) why does thirst t o  some extent ,  
and hunger t o  a marked extent ,  depress the normal d i -  
urnal  a c t i v i t y  cycle? And granting that  such a damping 
e f f e c t  might be expected under conditions of continuous 
deprivation, why was i t  a l so  found here under conditions 
of cyc l ic  deprivation? 

4) Why was there  no 

Such an e f f e c t  has been demonstrated by 
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Table 1 Overall. Mean Incidence of Different  Forms of 

Behavior Under D i f f e r e n t  Deprivation Conditions 

(Subtotals are given i n  italics) 

Sleep 
L i e  
Lie & S n i f f  
Stand. 

To tal Inactive 

Stand Zc Sniff 
Restring 
.Locomotion 
Chewing 

Tota l  Active 

Grooming 
E a t  & D r i n k  
Miscel. 

Total  

Continuous Deprivation 

Hungry Thirsty Satiated 
~ ~ ~ 

46.4 67.6 66.1 
11.6 10.5 68 7 
6.9 4.6 2 a 6  
5.8 2.6 .6 

70.2 rn 36.0 

8.4 
5.2 
2.5 
3.0 
19-1 

9 .3  
-7 
.5 

9 9 E 8  

3.6 
1.7 
.G 
.6 

A.2  
6.0 
1.6 

07 

1QO 1 

1.9 
1.2 

.7 

.1 

3.9 
14.4 

4-* 9 
-7 

9’3.9 

Cyclic Deprivation 

Hungry Thirs ty  Satiated 

48.7 60a4 63.4 
7.6 7.6 6.7 
5.2 3.5 2.6 
4.0 .9 65 

66.5 72.4 73.2 

13.3 ’ ? a 2  5.5 
3.1 1.7 .9 
1 .4  08 - 7  
1.1 1.9 .1 

19.5 -7 11.6 7.2 
13.2 6.2 12.9 
1.1 2.5 7.1 

- 3  6.9 b 4  

99.6 99.6 100 0 2 
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Table 2 Surriary of Night-Day Ratios of' Different  Forms 

of Behavior Under D:tfferent Deprivation Conditions 

t----- I 

I i 
Continuous Deprivation Cyclic Deprivation 

Hungry Thirsty Satiated 
D 

Lie 8c Sniff 1.58 2.85 3.57 
S band 1.55 2.63 2.68 
Stand & Sniff 1.68 2.31 2.69 
Ac G1 vi%;y* 1.76 2.30 2.86 
Grooming - 1.40 2.10 2.70 
E a t  & Drink 4,10 I-. 65 2.49 

Hungry Thfrs ty Satiatedl 

1.74 2.75 2.98 
2.23 2.23 4.85 
1.50 2.38 5.43 
1.14 4.12 2.37 
1.90 
1.87 

2.27 
1021 

I -  To tal* I 1.55 2.35 2.73 I 1-64 2.83 3.31 1 
Act iv i ty  here includes Rsarlng, Walking, and Chewing on cage. 
The t o t a l  is f o r  all a c t i v i t y  other than Sleeping and Lying. 
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